We examined the effect of magnesium (Mg) on the fine structure of the golden hamster parathyroid gland in vivo and in vitro. In the in vivo study, the principal changes in the parathyroid glands 10 and 30 min, and 1 hr after Mg injection showed a significant decrease in the area of the Golgi apparatus and cisternae of the rough endoplasmic reticulum compared with those of the control animals. The serum calcium level in the experimental animals 30 min and 1 hr after the injection was significantly low compared with that of the control animals. In the in vitro study, the area of the Golgi apparatus in the Mg-treated group significantly decreased as compared with that of the control group. These changes suggest that Mg directly suppresses the synthesis of hamster parathyroid hormone in the short term.
Summary:
We examined the effect of magnesium (Mg) on the fine structure of the golden hamster parathyroid gland in vivo and in vitro. In the in vivo study, the principal changes in the parathyroid glands 10 and 30 min, and 1 hr after Mg injection showed a significant decrease in the area of the Golgi apparatus and cisternae of the rough endoplasmic reticulum compared with those of the control animals. The serum calcium level in the experimental animals 30 min and 1 hr after the injection was significantly low compared with that of the control animals. In the in vitro study, the area of the Golgi apparatus in the Mg-treated group significantly decreased as compared with that of the control group. These changes suggest that Mg directly suppresses the synthesis of hamster parathyroid hormone in the short term.
Calcium is recognized as the major regulator of parathyroid hormone (PTH) secretion. Likewise it is widely accepted that magnesium (Mg), the major divalent cation, has an important effect on PTH secretion as well as calcium. Many biochemical studies have suggested that in the parathyroid gland Mg depresses the secretory process of PTH related to serum calcium and phosphorus metabolism (Sheerwood, 1970; Targovnik et aL, 1971; Habener and Potts, 1976; Morrissey and Cohn, 1978; Takatsuki et aL, 1980) .
On the other hand, Mahaffee et aL (1982) have reported in the in vitro study that Mg promotes PTH secretion either by enhancing the activation of adenylate cyclase by endogenous guanine nucleotides or by competing with calcium for binding to a distinct regulatory site on the enzyme. In addition, there have been only a few morphological studies regarding the effect of Mg on the function of the parathyroid gland (Altenahr and Leonhardt, 1972; Boquist, 1977) . Altenahr and Leonhardt (1972) have shown alteration of the effect of long-term Mg treatment on the parathyroid gland, and Boquist (1977) has reported the effect of variation in Ca2+ and Mg2+ concentrations on the parathyroid gland.
The present study was carried out to examine the effect of short-term Mg treatment on the fine structure of the parathyroid gland of the golden hamster in vivo and to estimate whether similar fine structural findings could be obtained in vitro, and if the direct effect of Mg on the parathyroid gland could be expected.
Materials and Methods
In vivo study Fifty-four adult (3-to 6-month-old) golden hamsters of both sexes were divided into 6 groups. The control animals were given intraperitoneally 0.5 ml of distilled water. The remaining five groups were given intraperitoneally 0.5 ml of 4% magnesium sulfate (MgSO4) solution. Under deep anesthesia with an intraperitoneal injection of sodium pentobarbital (50 mg/kg b.w.) parathyroid glands were dissected out at 10 and 30 min, and 1, 12 and 24 hr after the injection, and fixed in a mixture of 2.5% glutaraldehyde and 2% 0s04 in Millonig's buffer pH 7.4 for 1 hr at 4°C, dehydrated through ascending concentrations of acetone and embedded in Epon 812. Ultrathin sections were cut on a PorterBlum MT-1 ultramicrotome, stained with uranyl 81 acetate and lead salts, and examined with a Hitachi H-700H electron microscope. The serum calcium levels of all animals were measured using a CORNING Calcium Analyzer 940.
In vitro study
Ten adult (3-to 6-month-old) golden hamsters of both sexes were used. Under deep anesthesia with intraperitoneal injection parathyroid glands were removed and immediately used for incubation.
In the control group, the glands were placed on a black Millipore filter (0.45 tm) in an incubation vessel containing 4 ml of Ham's F12 culture medium with Mg concentration of 0.6 mM. Incubation was carried out at 37°C in a humidified atmosphere with 95% 02 and 5% CO2 .
In the Mg-treated group (Mg group), the glands were incubated on a similar filter in another incubation vessel containing 4 ml of Ham's F12 culture medium, to which MgSO4 was added at the final Mg concentration of 1.6 mM (Morrissey and Cohn, 1978; Takatsuki et al., 1980), at 37°C under 95% 02 and 5% CO2.
At 30 min after incubation, the parathyroid glands were processed in the same way as the in vivo study for electron microscopy.
In each animal, 20 micrographs at a final magnification of 22,000 were taken from different regions of the parathyroid glands. Stereological analysis (Weibel, 1979) was performed in each group. The area of cytoplasm, nuclei, the Golgi apparatus, cisternae of the rough endoplasmic reticulum, lysosomes, large vacuolar bodies and lipid droplets, and the number of secretory granules were estimated with the aid of an image analyzer (Digigrammer Model-G, Mutoh).
All data were presented as the mean ± SEM. In vivo study: One-way analysis of variance (ANOVA) was used to detect significant differences among the groups and then Scheffe's multiple comparison test was used to determine differences between pairs of means.
In vitro study: The comparison of two mean values was made using Student's t-test.
Results

In vivo study Serum Calcium Level
The serum calcium concentration (mg/100 ml) of the experimental animals 30 min and 1 hr after Mg injection showed a significant decrease as compared with that of the control animals (p < 0.05; Table. 1).
Fine Structure of the Parathyroid Gland
In the parathyroid glands of the control animals, the parenchyma was composed of a chief cell. The plasma membranes of adjacent chief cells were almost straight with occasional uncomplicated interdigitations. The intercellular spaces were narrow (Fig. 1) . The nucleus which was situated at the center of the cell was oval or round. Abundant free ribosomes and mitochondria were observed in the cytoplasm (Fig. 1) . Cistemae of the rough endoplasmic reticulum were distributed in the cytoplasm and sometimes arranged in parallel arrays (Fig. 1) . The Golgi apparatus was relatively well developed and contained some prosecretory granules (Fig. 1) . Several secretory granules of 150-300 nm in diameter were observed in the cytoplasm, and occasional secretory granules were located in the peripheral cytoplasm (Fig. 1 ). Lysosomes and a few large vacuolar bodies were occasionally found in the cytoplasm (Fig. 1) .
Chief cells in the parathyroid glands 10 and 30 min, and 1 hr after Mg injection contained poorlydeveloped Golgi apparatus with a few prosecretory granules and cisternae of the rough endoplasmic reticulum (Fig. 2) . In the parathyroid glands 30 min, and 1, 12 and 24 hr after theinjection, a few secretory granules were scattered in the peripheral cytoplasm. The fine structure of chief cells in the parathyroid glands 24 hr after the injection was similar to that of the control animals.
Stereological Analysis of the Parathyroid Gland
The analytical results obtained from the parathyroid glands of the control and experimental ani- mals are shown in Table 2 (Utsumi et aL, 1992). In the parathyroid glands 10 and 30 min, and 1 hr after Mg injection, the volume densities occupied by the Golgi apparatus and cisternae of the rough endoplasmic reticulum significantly decreased (p < 0.05) as compared with those of the control animals. There were no significant differences between the control and experimental animals with regard to lysosmes, large vacuolar bodies, lipid droplets and secretory granules.
In vitro study Fine Structure of the Parathyroid Gland
The fine structure of chief cells in the parathyroid glands of the control grow') ( Fig. 3) was similar to that of the control animals in the in vivo study.
In the parathyroid glands of the Mg group, the plasma membranes pursue a relatively straight course with occasional interdigitations (Fig. 4) . Chief cells contained poorly-developed Golgi apparatus with a few prosecretory granules and cisternae of the rough endoplasmic reticulum (Figs. 4,  5, 6 ) as compared with those of the control group. Lipid droplets were frequently observed, and lysosomes and large vacuolar bodies were sometimes seen in the cytoplasm (Fig. 6 ).
Stereological Analysis of the Parathyroid Gland
The analytical results obtained from the parathyroid glands of the control and Mg groups are shown in Table 3 . In the parathyroid glands of the Mg group the volume density occupied by the Golgi apparatus significantly decreased (p < 0.05) as compared with that of the control group. Values are mean ± SEM. ap < 0 .05 vs. control group.
There were no significant differences between the control and Mg groups with regard to cisternae of the rough endoplasmic reticulum, lysosomes, large vacuolar bodies, lipid droplets and secretory granules. Radde et aL (1968) have shown in the rat that the secondary hypocalcemia following Mg load is due to stimulation of calcitonin secretion by an elevated Mg level , and that the persistence of hypocalcemia in animals bearing functioning parathyroid glands is due to suppression of PTH secretion. Suzuki et al., (1986) have reported in normal human subjects that the hypocalcemia caused by Mg is mainly due to the renal calcium loss, and the suppressive effect of Mg on parathyroid function may be only partially involved in the early phase of the hypocalcemia. The present in vivo study of the hamster demonstrates that the serum calcium level significantly decreased at 30 min and 1 hr after Mg injection, and that the hamster reacts similarly, developing hypocalcemia after Mg injection. Many chief cells in the parathyroid glands 10 and 30 min, and 1 hr after Mg injection contain poorly-developed Golgi apparatus and cisternae of the rough endoplasmic reticulum, and few prosecretory granules in the Golgi area as compared with those of the control animals. At 24 hr after Mg injection the fine structure of chief cells in the parathyroid glands resembles that of the control animals. It is thought that the parathyroid glands in the Mg-treated animals recover from the functional depression after 24 hr.
These results suggest that Mg has a subacute suppressive effect on the secretory activity of the hamster parathyroid gland.
In the in vitro study, the principal change in the effect of Mg on parathyroid glands, compared with the control parathyroid glands, was the significant decreases in the Golgi apparatus. The fine structure of the effect of Mg on the parathyroid glands was similar to that of the in vivo study.
In the in vivo study, the number of the secretory granules tended to decrease in the experimental animals 30 min, and 1, 12 and 24 hr after Mg injection as compared with that of the control animals. However in the in vitro study, the number of the secretory granules tended to increase in the Mg group as compared with that of the control group. The number of secretory granules in the chief cells of the parathyroid glands does not appear to correlate with the functional states of the gland (Roth and Raisz, 1966; Altenahr and Seifert, 1971; Wild et al., 1989; Brunner et al., 1992) , and it is thought that the number of secretory granules depends on the relation of the synthesis, release and lysosomal digestion of PTH (Takada, 1992; Utsumi et aL, 1992) .
These findings on the Golgi apparatus and cisternae of the rough endoplasmic reticulum in the in vivo and in vitro study are fairly consistent with the observations which indicate a decrease in functional activity of the parathyroid gland (Isono et aL, 1980 (Isono et aL, , 1982 (Isono et aL, , 1983 (Isono et aL, , 1985 Therefore, it is suggested that Mg acts as a suppressive factor for the synthesis of PTH in the short term, and directly affects the chief cell of the hamster parathyroid gland. 
